Abstract: Pyrrolo[2,1-a]isoquinoline derivatives were synthesized by one-pot threecomponent reactions starting from isoquinoline, 2-bromoacetophenones and different nonsymmetrical acetylenic dipolarophiles using 1,2-epoxypropane as solvent. The structure of the compounds was assigned by IR and NMR spectroscopy.
Introduction
Pyrrolo [2,1-a] isoquinolines are N-bridgehead heterocyclic compounds which are structural elements of natural products (Figure 1 ) of great significance for their biological activity, such as crispine A (Figure 1) , with important anticancer activity [1] [2] [3] [4] [5] . Recently studied natural products with pyrrolo[2,1-a]isoquinoline cores are oleracein E [6, 7] and trolline [8] (Figure 1 ), which were isolated from traditional Chinese medicinal plants. Maybe one of the most important classes of natural compounds are the lamellarins (Figure 1 ), which are known to posses an array of biological properties such as cell differentiation inhibition and cytotoxicity [9] [10] [11] [12] [13] , this leading to numerous studies on lead compounds with analogous structures [14] .
In this regard efforts were directed to synthesize aromatic or hydrogenated pyrrolo[2,1-a]-isoquinoline frameworks in the search for molecules relevant for medicinal purposes. The synthesis and properties of the pyrrolo[2,1-a]isoquinolines were reviewed in 1997 by Mikhailovskii and Shklyaev [15] , but the synthesis and characterization of these compounds is still of current interest, the proof being the important number of very recently reported papers [16] [17] [18] [19] .
One of the important and current methods for the synthesis of pyrrolo [2,1-a] isoquinolines is the 1,3-dipolar cycloaddition reaction of isoquinolinium N-ylides with activated alkynes or olefins [20] [21] [22] [23] [24] [25] [26] [27] [28] . Our interest in studying convenient and simple methods for obtaining new pyrroloazine derivatives [29] [30] [31] [32] [33] [34] led us to expand our studies to pyrrolo [2,1-a] isoquinolines [27] . The success in synthesis of such compounds by two methods involving two step procedures [27] led us to examine the one-pot three component procedure for the synthesis of pyrrolo[2,1-a]isoquinoline derivatives by 1,3-dipolar reactions discussed herein. The key components are isoquinoline, substituted bromoacetophenones and activated acetylenic dipolarophiles which react in 1,2-epoxypropane to yield the desired products with high efficiency.
Results and Discussion
Syntheses involving multicomponent one-pot reactions have provided useful synthetic tools in obtaining a wide variety of heterocyclic systems [35] [36] [37] . Thus a 1,3-dipolar cycloaddition targeting pyrrolo[2,1-a]isoquinoline derivatives, conducted as a one-pot three component process, seemed to be a very promising route. The key components of the one-pot three component reaction for the synthesis of pyrrolo[2,1-a]isoquinolines 4 (Table 1) are isoquinoline (1), the substituted bromoacetophenones 2, the non-symmetrical electron deficient alkynes 3 and 1,2-epoxypropane which acts both as solvent and proton scavenger (Scheme 1). Using this methodology the series of compounds listed in Table 1 was prepared in fair to good yields. The reaction mechanism (Scheme 2) for formation of the pyrroloisoquinolines 4 involves in the first step the generation of isoquinolinium N-ylides 6A by the action the isoquinolinium bromides 5 on the epoxide which, on nucleophilic ring opening by bromide anion, generates an alkoxide for deprotonation of the salt to form 6A. Subsequently, the 1,3-dipolar cycloaddition between the 1,3-dipole 6B and the unsymmetrical acetylenic dipolarophiles afford the corresponding primary cycloadducts 7 which undergoes a spontaneous in situ rearrangement and dehydrogenation leading to the fully aromatic compounds 4.
It is important to mention that no hydrogenated intermediates were isolated as for the previously reported two step procedure [27] . By comparison with the two step procedure the yields are appreciably lower but this minor inconvenience is significantly overcome by the more simple procedure and economy of both time and materials.
The structures of the new pyrroloisoquinolines were assigned by IR and NMR spectroscopy. The FT-IR spectra of the compounds present the characteristic bands for carbonyl groups that appear in the expected ranges, and the characteristic bands for the particular functional groups present in each example are also observed. On the basis of NMR data it was found that the cycloaddition reaction between isoquinolinium N-ylides and unsymmetrical dipolarophile is completely regioselective, as only one regioisomer was obtained. This is proven by the signal of the H-2 hydrogen which appears as a sharp singlet. + -
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In the 1 H-NMR spectra of compounds 4 the general characteristic features are the chemical shifts of atoms H-5, H-6 and H-10. The two protons in the pyridine moiety, namely H-5 and H-6, appear as two doublets with a coupling constant of 7.4 Hz. The H-10 hydrogen appears as a deshielded multiplet due to the spatial vicinity with the carbonyl group in the acetyl or ester groups. The 13 C-NMR spectra show all the expected signals. The most characteristic feature is the strong shielding observed for C-1 which appears at around 110 ppm as a consequence of its relative β position with respect to the pyrrole nitrogen. For the compounds 4a-c the carbon C-1 appears slightly deshielded to 118 ppm due to the influence of an acetyl group instead of an ester group. The carbon atoms in the carbonyl groups were observed in the expected ranges.
Experimental

General
Melting points were determined on a Boëtius hot plate microscope and are uncorrected. The elemental analysis was carried out on a COSTECH Instruments EAS32 apparatus. The IR spectra were recorded on a FT-IR Bruker Vertex 70. The NMR spectra were recorded on a Varian Gemini 300 BB instrument, operating at 300 MHz for 
General Procedure for the Synthesis of Pyrrolo[2,1-a]isoquinolines 4
Isoquinoline (1, 3 mmol), phenacyl bromide 2 (3 mmol) and the corresponding acetylenic dipolarophile (2-butyn-3-one, methyl propiolate, ethyl propiolate) 3 (5 mmol) in 1,2-epoxypropane (15 mL) were stirred at reflux for 20 h. The solvent was partly removed by evaporation, methanol or ethanol (10 mL) was added and the mixture was left overnight in the refrigerator. The solid formed was filtered, washed with ethanol and crystallized from CHCl 3 /MeOH. Ethyl 3-(2-nitrobenzoyl)-pyrrolo[2,1-a] [2,1-a] [2,1-a] 
1-Acetyl-3-(4-methylbenzoyl)-pyrrolo[2,1-a]isoquinoline (4a
1-Acetyl-3-(3-nitrobenzoyl)-pyrrolo[2,1-a]isoquinoline (4b
1-Acetyl-3-(3,4-dimethoxylbenzoyl)-pyrrolo[2,1-a]isoquinoline (4c
Methyl 3-(2-chlorobenzoyl)-pyrrolo[2,1-a]isoquinoline-1-carboxylate (4d
Methyl 3-(3-nitrobenzoyl)-pyrrolo[2,1-a]isoquinoline-1-carboxylate (4e
Methyl 3-(2,4-dichlorobenzoyl)-pyrrolo[2,1-a]isoquinoline-1-carboxylate (4g
Ethyl 3-(1-Naphthoyl)-pyrrolo[2,1-a]isoquinoline-1-carboxylate (4h
Ethyl 3-(2-Naphthoyl)-pyrrolo[2,1-a]isoquinoline-1-carboxylate (4i
Ethyl 3-(2,4-dichlorobenzoyl)-pyrrolo
Ethyl 3-(4-bromobenzoyl)-pyrrolo
Conclusions
In conclusion, new pyrrolo[2,1-a]isoquinolines were obtained by a simple one-pot three component cycloaddition reaction starting from readily available materials. The structures of the new compounds were assigned by IR and NMR spectroscopy. The regioselectivity of the cycloaddition was deduced on the basis of 1 H-NMR data. The reaction is of potential interest due to importance of obtaining combinatorial libraries of compounds and due to the interest shown in the biological activity of compounds containing pyrrolo[2,1-a]isoquinoline skeletons.
